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doi:10.1016/j.ejvs.2009.03.010Abstract Aim: This article aims to provide the reader with an insight into the diagnosis and
management of limb ischaemia presenting in neonates and infants by examining the published
literature.
Materials and methods: A Pubmed search and an Ovid Medline/Embase search were both per-
formed. The keywords were: ‘neonatal’ or ‘paediatric’ or ‘pediatric’ and ‘limb’ and ‘ischemia’
or ‘ischaemia’ and relevant articles were retrieved and analysed. Articles pertaining to chil-
dren over the age of 3 years and non-English literature articles were excluded.
ª 2009 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.Although relatively uncommon, with an incidence in our
institution of one in 4500 births per year, neonatal limb
ischaemia may still present considerable challenges in
diagnosis and management. The published literature is
limited to case reports and case series and there are no
large trials comparing different therapies. Clinicians from
many disciplines, including orthopaedic, plastic, vascular
and paediatric surgeons as well as the referring neonatol-
ogist, all have an important role to play in the management
of these patients in different hospital settings. Precipi-
tating events causing limb ischaemia in neonates may be
intrauterine or post-natal. Intrauterine limb necrosis
evident at birth can be further sub-classified intoMRCS, 4 The Hill, Middleton,
r, UK. Tel.:þ44 7830 192705.
s.org.uk (A. Arshad).
ty for Vascular Surgery. Publishecompression ischaemia, which is caused by an extrinsic
source, and thrombo-embolic phenomena. In children,
vascular compromise affecting the limbs in the post-natal
period is normally a result of sepsis, coagulation disorders
or iatrogenic injuries; the last usually as a result of cathe-
terisation of the umbilical or peripheral arteries.1 It was
previously thought that all occurrences of congenital
ischaemic limbs were caused by a compression ischaemia
process. However, it is now clear that thrombotic or
embolic phenomena may account for a much larger cohort
of individuals with limb ischaemia than previously
recognised.
Management of these patients consists of conservative
therapy in those with salvageable limbs although anti-
coagulation or thrombolysis and surgical or radiological
thrombo-embolectomy may be of importance in a select
population.d by Elsevier Ltd. All rights reserved.
62 A. Arshad, M.J. McCarthyIntrauterine limb ischaemia
The causes of in utero limb ischaemia can be divided into
pre-natal thrombosis, embolism and in utero compression.
The incidence of all neonatal limb ischaemia in our insti-
tution is one to two in 4500 births per year. Other large
university delivery units in the United Kingdom report
similar figures.
Thrombosis and embolism
The neonate is at risk from in situ thrombosis as well as
embolic phenomena. There is a hypofibrinolytic neonatal
state, characterised by an immature anticoagulation
response with antithrombin III-, protein C- and protein S
deficiency, which renders the neonate at risk from throm-
botic disease until this balance is redressed.2 This risk is
further compounded by other factors such as maternal
diabetes, dehydration, polycythaemia, sepsis, congenital
heart disease and any inborn errors of the anticoagulant
system. Emboli can come from maternal or foetal sources.
Maternal emboli originate from the placenta and, having
passed through the foramen ovale, can cause arterial
embolic phenomena, most commonly lodging in the
brachial artery and causing upper limb necrosis.3 Foetal
emboli originate most commonly from the ductus arteriosus
or from congenital cardiac defects. Emboli can also origi-
nate in the venous system and pass through the foramen
ovale to lodge in the arterial system. Neonatal ischaemia
occurring in twins with the twinetwin transfusion syndrome
is also a recognised phenomenon now. This mechanism is
presumed to be secondary to polycythaemia occurring in
the recipient twin.4
In utero compression ischaemia
This refers to the compression of the main artery supplying
a limb by an extrinsic process while in utero, causing
ischaemia and eventually necrosis of the limb if prolonged.
This process is only reported to affect the brachial artery
and the upper limb where it is termed in utero Volkmann’s
ischaemia. Risk factors for this include oligohydramnios and
amniotic bands causing extrinsic pressure on the limb.5
Although this remains a relatively rare entity, it is now well
recognised and there are several reported cases in the
literature.6,7
Evaluation of pre-natal limb ischaemia
The key to successful management of these cases is early
diagnosis, which is reliant on the managing clinician having
a high index of suspicion for this condition. Ante-natal
diagnosis can be suggested by ultrasound evaluation which
can identify foetal limb developmental abnormalities as
a result of vascular disruption and potentially constricting
entities such as amniotic bands. Duplex ultrasound is also
a useful modality to follow-up limb development after
a vascular disruptive event has been noted.8 Although not
reported in the literature, in utero Doppler examination of
the brachial artery or femoral artery may provide addi-
tional evidence of satisfactory in flow to the limb; however,the inability to find a satisfactory waveform does not
necessarily mean that the limb is ischaemic.
The natural history of the ischaemic limb is initial pallor
becoming mottled before gangrene and demarcation.
Colour duplex ultrasound assessment of the limb has largely
replaced digital subtraction angiography as the investiga-
tion of choice in this setting. Other conditions such as
congenital rubella, varicella and necrotising fasciitis which
may present in a similar fashion must be excluded. Subse-
quently, investigations should be carried out to identify the
cause of the ischaemia and treatment should be directed
accordingly. A full thrombophilia and coagulation screen
should be undertaken in all patients.
Management of pre-natal limb ischaemia
Treatment can be supportive or interventional in selected
cases. The salvageability of the limb depends on the length
of time between the initial vascular event and presenta-
tion; indeed, it may sometimes be difficult to evaluate this
interval accurately and thus provide the most appropriate
treatment. In most cases, however, the non-viable limb will
be obvious, with fixed skin changes or established necrosis.
Supportive treatment includes adequate intravenous
hydration and antibiotics if infection is suspected. Other
minimally invasive therapies which have been used include
systemic anticoagulation, systemic or topical vasodilators
and hyperbaric oxygen.9 Interventional treatment includes
thrombolysis using a tissue plasminogen activator which can
be catheter directed or systemic, and surgical thrombec-
tomy, particularly if larger vessels such as the abdominal
aorta are involved.10 A retroperitoneal approach may carry
less morbidity than a trans-peritoneal approach while
preserving excellent access to the aorta. Thrombolysis
regimes reported to date concentrate primarily on throm-
bosis following cardiac catheterisation or ischaemic stroke
and these are confined to case reports and small series.
Certainly, if the limb is still viable, but ischaemic, and the
duration of insult is short term, then systemic thrombolysis
may be considered. Factors which would favour catheter
directed thrombolysis include a relatively short segment
occlusion on duplex imaging and severe systemic illness.
Thrombolysis carries with it the risks of bleeding from the
site of catheter insertion as well as spontaneous intracra-
nial or visceral haemorrhage. There may also be a reperfu-
sion-type injury seen once in flow to the limb is successfully
restored with the release of inflammatory mediators into
the systemic circulation. The most widely used thrombo-
lytic agent is recombinant tissue plasminogen activator
(rTPA). Streptokinase is not recommended due to the
likelihood of streptococcal antibody formation. Doses of
between 0.1 and 0.5 mg kg1 h1 are reported, with some
reports indicating comparative success with lower doses as
with higher ones. Concomitant heparin should be used, but
only at prophylactic doses. Major intracranial haemorrhage
may occur in up to 10% of neonates with minor bleeding,
usually from the catheter site in up to 50%. Complete clot
lysis is typically seen in 75% of neonates, with partial lysis in
20%.11 Contraindications to thrombolysis include recent
major surgery or haemorrhage, recent seizures, systemic
sepsis, thrombocytopaenia or active bleeding at the time of
administration.
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Iatrogenic causes dominate the subgroup of patients with
post-natal early-onset limb ischaemia, although thrombo-
embolic causes can present soon after birth. Umbilical
artery catheters (UACs) are used for repeated intermittent
blood sampling, continuous monitoring of blood pressure,
exchange transfusions and fluid infusions. Umbilical artery
catheterisation has been well documented to be an inde-
pendent risk factor for limb ischaemia in the neonate and
there are many case series documenting this complica-
tion.12 After haemorrhage, peripheral ischaemia and
thrombosis is the second most common complication
occurring in 1.5% of cases in one study (using clinically and
autopsy-proven cases) and up to 95% of cases in another
(using aortography prior to removing the catheter). These
children normally present with limb ischaemia: pallor of
a limb eventually becoming discoloured and mottled before
irreversible necrosis, if not treated. The mechanism of this
ischaemia is from vasospasm, thrombosis or emboli arising
from the distal aorta and its branches after catheter
insertion and can occur in both well-placed and malplaced
catheters. There is a recent case report of umbilical vein
catheterisation causing peripheral vasospasm and diffuse
peripheral ischaemia.13 The catheter should be removed if
no longer required, unless hypovolaemia is responsible for
the presentation and volume infusion is necessary. The
assessment of limbs affected by these injuries should
include a thorough clinical examination, estimation of
ankle-brachial pressure index and colour duplex ultrasound
assessment.14 Clinicians should be aware that the normal
ankle-brachial pressure index may be significantly lower in
neonates compared to infants over the age of 1 year, with
a mean of 0.88 in healthy neonates in one series.15 Treat-
ment of limb ischaemia in neonates caused by UAC
non-responsive to the removal of the catheter should begin
with medical management in the form of heparinisation
(Table 1) or thrombolysis.16,17 If medical management fails
to improve the perfusion to the leg, then surgical throm-
bectomy or embolectomy should be considered and can
have a good outcome.18,19
Peripheral artery catheterisation
Catheterisation of the femoral artery is sometimes
performed in critically ill infants for therapeutic reasons or
invasive haemodynamic monitoring when the radial artery,
posterior tibial and dorsalis pedis are unsuitable; however,
it is generally avoided in neonates. Unfortunately,
complications following femoral artery catheterisation are
well documented. Inadvertent puncture of the femoralTable 1 Heparinisation in the neonate16
Gestational
age (weeks)
Intravenous
bolus (units/kg)
Infusion dose
(units/kg per h)
<28 25 15
28e36 50 20
>36 100 25artery following attempted femoral vein cannulation may
also result in these complications. Ultrasound-guided
femoral vein cannulation may reduce the risk of inadver-
tent arterial puncture.20 While ultrasound-guided femoral
artery cannulation may increase the success rate of first-
pass cannulation, it probably does not reduce the risk of
ischaemic complications. Common non-ischaemic compli-
cations include bleeding from the puncture site, false
aneurysm and arterio-venous fistula. The treatment of
ischaemic complications depends on the anatomical site
and mechanism of the ischaemia as well as on the general
health and physiological state of the patient. It is the
authors’ view that medical management with thrombolysis
is the preferred initial management, especially if the
patient is extremely unwell. Topical nitroglycerine has
been used with some success in one case series to treat
acute vasospasm related to both umbilical and peripheral
arterial catheterisation.21 Axillary brachial plexus block to
provoke vasodilatation for the treatment of forearm
ischemia following brachial artery cannulation has also
been described.22 Interventional radiological management
of acute ischaemia may be difficult although systemic
heparinisation with or without thrombolysis has been
documented in selected patients. When using tPA, doses of
0.1e0.5 mg kg1 h1 have been described with no clear
benefit of using higher doses as previously described.
Operative management should be reserved for cases where
medical management has failed or if the risk of bleeding
from thrombolysis is unacceptably high, for example,
recent cardiovascular surgery or cerebral haemorrhage.
Operative treatment may be technically challenging due to
the size of the vessels involved and microsurgical vascular
techniques can be a useful adjunct, particularly in
extremely low-birth-weight neonates who are at higher
risk from iatrogenic injury anyway.23e25 Surgical throm-
bectomy is a useful technique in the older child with
peripheral thrombosis or in neonates and infants of all
ages with acute large-vessel thrombosis. The risk factors
for ischaemic complications following femoral artery
catheterisation in children include age under 3 years, any
therapeutic intervention, >6F-size catheters and
increased number of catheterisations. Reports of results
from vascular surgery for iatrogenic femoral artery injuries
in children are limited to a few, small case series with one
reporting 84% of children with ischaemic complications
gaining normal circulation after surgical intervention. A
less-favourable outcome may occur with acute occlusions
in children under 2 years of age.26 Chronic ischaemia
following femoral artery catheterisation has a more
insidious onset and is characterised by limb claudication in
older children and trophic changes or hypoplasia in
infancy. This is caused by progressive thrombosis and
stenosis or eventual occlusion of the affected artery.
These can be managed radiologically with angioplasty or
surgically with bypass. When performing a bypass, every
effort must be made to use the autologous vein where
possible with consideration given to the anastomotic
technique to allow for graft growth along with the patient
growth. If chronic ischaemia is not identified and treated
early, it may result in limb shortening.27
The most common cause of upper-limb iatrogenic
ischaemia is brachial artery catheterisation. Left-arm
64 A. Arshad, M.J. McCarthyischaemia following sub-clavian flap aortoplasty for coarc-
tation of the aorta has been reported as occurring up to
18 years following the original procedure; however, in fact,
this remains a rare complication with only a couple of case
reports in the literature. These cases were treated
successfully with carotid to sub-clavian bypass. Although
many centres carrying out repair of aortic coarctation now
use resection with end-to-end anastamosis as their preferred
technique, sub-clavian flap aortoplasty is still widely used as
it permits a tension-free repair of the lesion using autologous
tissue and allows for growth of the repair concomitant with
the child’s growth. A recent large institution study examined
119 patients who had undergone sub-clavian flap aortoplasty
over a 20 year period and found no clinically significant
ischaemic-arm complications in any of them.28
Amputation
Amputation should be delayed for as long as possible since
the eventual line of demarcation may be some way distal to
the original line of ischaemia. Amputation should be
undertaken with full consideration given to future pros-
thetic limb application and prevention of joint contracture.
A multidisciplinary team of surgeons, paediatricians,
occupational therapists, physiotherapists, prosthetists and
psychologists working in conjunction provides the best
support network and best treatment for affected children.
If possible, the procedure should be carried out by
a surgical team experienced in paediatric amputation. An
excellent functional recovery can be expected with the use
of prosthetic limbs if amputation is carried out with
consideration of future function.29
Conclusions
Neonatal limb ischaemia is uncommon, but can have
devastating consequences on the patient. Successful
management is dependent on early recognition and diag-
nosis of the aetiology, rapid and effective clinical assess-
ment and appropriate therapy. Initial supportive therapy
may be appropriate with aggressive interventional treat-
ment reserved for selective cases. The amputation of the
affected limb should be delayed for as long as possible
and the line of definitive demarcation awaited,
which may be some way distal to the original line of
necrosis. Strategies for management are still evolving, and
there is only a limited pooled experience available for
review in the published literature (Table 2).Table 2 Number of cases
Presentation/
management
References Pooled number
of cases
Intrauterine limb
ischaemia presentation
1e8 45
e Thrombolysis 11 54
Iatrogenic injuries presentation 12e14 7
e Medical management 16,17,21,22 16
e Surgical management 18,24e27 87References
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